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Our interest in metal complexes with pendant hydrogen bonding groups led us to test [(bq-NH 2 )IrH(H 2 O)(PPh 3 ) 2 ]-(BF 4 ) (1) (bq-NH 2 = 2-aminobezoquinoliate) 5 for catalytic imination. Since we expected the aldehyde reagent but not the imine product to bind to the metal, selectivity for imine formation seemed likely. In this study p-tolualdehyde (pArCHO) is indeed found to bind to 1 to give a crystalline derivative, [(bq-NH 2 )IrH(p-ArCHO)(PPh 3 ) 2 ](BF 4 ) (2) (Scheme 1), and imine formation from p-ArCHO and MesNH 2 (2,4,6-trimethylphenylamine) is catalyzed by complexes 1 and 2.
The complex 2 was obtained by the reaction of 1 with excess p-ArCHO in CH 2 Cl 2 (Scheme 1). Crystallization of 2 from dichloromethane/hexane yields single crystals suitable for X-ray structure determination. A summary of crystal parameters and refinement results is given in Table 1 and selected bond lengths and angles are complied in Table 2 . The ORTEP view of the cationic portion of the complex is depicted in Figure 1 . The most important feature of 2 is that the pendant NH 2 group is capable of hydrogen bonding to the carbonyl oxygen atom of the aldehyde. Although the NH 2 hydrogens are not observed, the N-O distance of 2.86 Å is consistent with an N-HO hydrogen bond. 6 Two distinctive ν (NH) IR bands at 3359 and 3471 cm p-tolualdehyde and the spectroscopic data of the resulting compound revealed that the carbonyl oxygen atom of the aldehyde was bound to the iridium ion. However, the rate of catalytic imine formation for p-tolualdehyde with MesNH 2 was only 14 turnovers/hr with the catalyst 4, small but significant rate decrease in comparison with the complex 1.
Therefore, the presence of the H-bonding group in 1 seems to be responsible for the enhanced catalytic activity. Another control studies was performed with mesitaldehyde (2,4,6-trimethylbenzaldehyde). We expected the two bulky methyl groups at the 2-and 6-carbon positions in the phenyl ring to prevent the aldehyde group from H-bonding to the pendant NH 2 in 1, due to steric repulsion between the methyl groups and the NH 2 . This was, indeed, confirmed by NMR and IR spectroscopic studies, showing no interaction between the N-H and C=O groups in the complex generated (in situ) from the reaction of mesitaldehyde and 1. As expected, the mesitaldehyde imination of MesNH 2 with the catalyst 1 resulted in no improvement at all in catalytic activity (6 turnovers/hr), in comparison with the catalyst 4 (6 turnovers/ hr). In summary a small enhancement in catalytic activity has been achieved via two-point binding of substrate aldehyde. Several interesting catalytic reactions have been suggested to proceed via a pathway involving cooperative coordination of a carbonyl group by two Lewis acidic metal centers. 8, 9 Our studies, however, represents the first time a carbonyl has been activated in a two-point fashion via a coordinate metal-O bond and an N-HO hydrogen bond, as far as we know. The relatively modest rate increase for 1 or 2 vs. 4 may indicate that hydrogen bonding stabilizes the transition state (ts) only slightly more than it does the ArCHO complex (the ground state). Selective stabilization of the ts is required for significant catalytic acceleration by hydrogen bonding. There must therefore be a subtle mismatch between the hydrogen bonding pendant group to give weak binding in the ground state but a match in the ts. Further study will focus on the effects of a pendant hydrogen-bonding group on homogeneous catalysis for other important organic reactions.
Experimental Section
Reagents and solvents were of commercially available reagent quality. Preparation and handling of Ir complexes were carried out under argon with standard Schlenk techniques. 1 H NMR spectra were measured in CDCl 3 or CD 2 Cl 2 on a Bruker (300 MHz) NMR spectrometer. Infrared spectra were recorded neat or in Nujol mulls on a Mattson Galaxy 4030 FT-IR spectrometer.
[ (1) Catalytic Turnover Measurement. Typically, equimolar (0.3 mmol) ArCHO and MesNH 2 were placed in a NMR tube containing CD 2 Cl 2 (0.6 mL) with 5 mol % catalyst (15 mol). Imine formation was followed by the disappearance of the -CH=O resonance at 9.98 ppm and the appearance of the imine -CH=N resonance at 8.16 ppm. All reactions were run at least in triplicate and the data reported represent the average of these reactions.
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